Height growth curves estimate expected heights at different ages for stands of known site index. Site curves estimate site index of managed stands where breast height age and total height can be determined.
The curves provide valid estimates of site index and potential height growth for stands where height growth has not been retarded by high density or related factors. They do not represent the average of existing stands. The curves are most appropriate for use in constructing yield tables for managed, evenaged stands of ponderosa pine.
Curves are based on measurements of the tallest tree in a 1/5-acre plot.
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Introduction
This paper presents curves for estimating height growth and site index for even-aged, managed stands of ponderosa pine (Pinus ponderosa Laws.) east of the Cascade Range crest in Oregon and Washington. The curves represent growth potential under density conditions approximating those anticipated in managed stands of the future. The site curves are applicable to stands where relatively low density has permitted full height development so that the site estimate represents the full potential of the site. The data plots were deliberately chosen where stand development approximated densities believed desirable in managed stands, not merely the average of existing stands.'/ Therefore, the curves provide valid estimates of site index and potential height growth for stands where height growth has not been retarded by high density or related factors.
Impressive acreages of second-growth ponderosa pine east of the Cascade Range are being precommercially thinned to between 150 and 300 trees per acre. Additional acres are being planted at these densities. The thinning is being done to stimulate height and diameter growth so that we may grow usable trees in a much shorter time than if we allowed nature to follow its usual course of suppression, stagnation, insect attack, and then indiscriminate mortality. After thinning, the stand takes on attributes of / Summerfield, Edward R. Site index, height growth and productivity of ponderosa pine in eastern Washington. In preparation for publication by the State of Washington Department of Natural Resources.
what is commonly referred to as a managed stand or a stand that is being manipulated toward some predetermined goal. This goal is usually a "target" average stand diameter and height within some time frame.
The most "desirable density" is the density at which trees continue growing at the predetermined goal rate. As the stand grows older, relatively low density will be maintained by periodic thinnings to some basal area level or tree number--average diameter combination.
Height of the dominant or tallest portion of the stand is the one measure of growth found most independent of stand factors and, consequently, the most reliable for site evaluation (Lynch 1958) . Generally speaking, we can conclude from the literature that height is not materially affected in stands that are not extremely overstocked or understocked (Spurr 1952) . In the Pacific Northwest, however, Weaver (1947) , Baker (1953) , Mowat (1953 ), Lynch (1958 and Barrett (1973) have shown that dense stocking of ponderosa pine does reduce height growth.
Reducing the density below levels found in natural stands usually affects the height growth patterns shown by Meyer (1961) for "normal" stands. Fortunately, there seems to be a rather broad density range in ponderosa pine stands where density does not affect height growth of the larger trees in the stand. This range appears to fall within the density range now used by most ponderosa pine managers.
In this study I chose plots in stands that were 100 years or older and contained at least 60
OREGON trees per acre on the lower sites and no more than 200 trees per acre on the higher sites. Plots were selected in extensive, homogeneous, even-aged stands, not in clumps of even-aged trees. I did this to avoid the selection of exceptionally fast-growing trees and to incorporate the total stand effect into the site index and height growth system.
As time progresses, it will be necessary for managers to evaluate the productive capacity of these newly created stands. They will need a method of rating site and a method of predicting the course of stand height with age so that they may develop yield tables for second-growth ponderosa pine in the Pacific Northwest. This paper is a first step toward this goal. Therefore, these curves are most appropriately used in constructing yield tables for managed stands of ponderosa pine. The site curves will classify the growth potential of sample plots, and the height growth curves will express height development of even-aged stands attaining specified heights at index age. When Meyer's (1961) site index curves are used in intensively managed, even-aged stands it is difficult to select what Meyer refers to as "representative dominant and co-dominant trees." After trees are of merchantable size, all trees often appear to be dominants or codominants and selection can be subjective. In this study, I chose to eliminate this difficulty by dealing with only the tallest trees in the stand and densities likely to be found in managed stands.
Data Collection
Thirty 1/5-acre circular plots were located throughout Oregon and parts of Washington ( fig. 1) . The plots had the following tree and stand characteristics:
The stand was pure ponderosa pine 95 to 180 years old at breast height and even-aged within 10 years.
Selective cutting or mortality had not removed the tallest tree within the age span of the existing stand.
The six tallest trees on the plot did not contain a group of more than four fine annual rings, which would indicate stress during a portion of the stand's life.
Trees were not infected with mistletoe. Using a clinometer and tape, I selected the six tallest trees per plot.
An increment core was extracted at breast height from each of the six tallest trees and also from some lower crown-class trees to be sure the stand was even aged within 10 years. The six tallest trees per plot were felled, and a section was removed at ground line, at breast height, and at 10-foot intervals above ground until half the total height was reached. The remainder of the tree was sectioned at 5-foot intervals.
Tree sections were frozen to prevent molding. Rings were counted on all sections and recorded for the appropriate height.
The data base consists of 3,500 sections from 177 trees at 30 plot locations in Oregon and Washington ( fig. 1 ). Site indices ranged from a high of 145 to a low of 72 at breasthigh age of 100 years: The number of trees on sample stands ranged from a low of 52 per acre to a maximum of 152 on some of the better sites.
Results
The methodology used in developing these curves includes the recent improvements in curve construction suggested by Curtis et al. (1974) and Dahms (1975) . This methodology is described in the appendix for the reader who may wish to construct his own curves. Poor estimates of site, however, often result from a lack of adherence to the principles on which the index system was founded. Some understanding of how curves were constructed leads to an appreciation of how they should be used. Therefore, the appendix section on curve construction is recommended reading for even the occasional user of a curve or equation.
Height-over-age relationships for all plots were consistent and reasonably smooth between the ages of 20 and 130 years. Not many plots were found that qualified under the constraints of plot selection beyond 130 years. Under age 20, some curves were erratic; but smoothness improved markedly after age 20 and was consistent thereafter.
ESTIMATING THE AVERAGE COURSE OF HEIGHT GROWTH FOR STANDS OF A GIVEN SITE QUALITY
Height growth curves define the average pattern of height development on stands of a given site quality. They are appropriately used for constructing yield tables but do not provide optimum estimates of site index from measured height and age in an existing stand (Curtis et al. 1974) . They give the estimated height of the tallest tree at 100 years in relation to its height and breasthigh age. Many of the same plot qualifications used in the study are applicable in selecting plots for estimating site index. The following steps and precautions are recommended for estimating the site index of a managed stand. 3. Measure height of the tallest tree on the plot.
Extract increment cores from the three tallest trees on the plot to obtain an average breast-high stand age.
From breast-highageandtotal height, estimate the site index by one or more of the following alternatives.
Use figure 3 for rough field estimates.
For a more precise estimate, table 2 can be used to solve the equation, Site index -4.5 feet = a + b (height -4.5 feet).
(c) The equation shown in the appendix will be useful for those wishing to program the estimating procedure in a computer. 1/To estimate site index, measure total height of the tallest tree per 1/5-acre plot. Determine average breast-high stand age from at least three of 
BREAST-HIGH AGE (years)
Application
In this study, site index is a number representing the height of the tallest tree on a 1/5-acre plot at a breast-high age of 100 years. Since site has been found to be closely correlated with volume, site (as discussed here) will later be used in a yield study to categorize volume productivity potentials of managed stands of ponderosa pine. Past experience has shown that height objectively reflects site where stands are not overstocked or understocked. Managed stands, in contrast to natural stands, probably will not be overstocked to the point of substantially affecting height growth. Therefore, use of these curves should be restricted to managed stands where height growth competition between trees has been held to a minimum.
Typical examples of when the curves should not be used are:
precommercially thinned stands showing a tight core of rings; commercially thinned stands with numerous stumps indicating a high initial density; and 3. plantations with large numbers of trees and thinned long after competition between trees occurred.
These curves may have limited field application for some time because there is only a limited amount of land under intensive management that fits the constraints of the curves. Greatest use is in forecasting future stand performance in a stand growth simulator. One should note, however, that these curves represent the tallest trees. Stand projections should assign appropriate lesser heights to the other trees.
Reliability of the curves can be partially judged by the r 2 values and the standard errors of estimate shown in the appendix. Also, one may judge equation fit from figures 8 and 9 in the appendix. A portion of the data from 20 plots was destroyed in the Bend Silviculture Laboratory fire, of January 15, 1974. If this data had been available, an annual comparison of actual and predicted values could have been made, similar to that made by Johnson and Worthington (1963) .
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CONSTRUCTION OF SITE INDEX AND HEIGHT GROWTH CURVES-
2/
The following, steps were used in constructing the site index curves :
Average breast-high stand age for each plot was calculated from the six felled trees. Total height was plotted over breasthigh age. The six trees were plotted on the same graph. Height of the tree that was tallest at a specific age to 130 years was read from the graph. Shifts' in relative height similar to those reported by Dahms (1963) were found in 90 percent of the plots. Site index was read from the graph of the tallest tree at breast high age of 100 years. 3-/ The methodology developed by Dahms (1975) was used to derive the site index and height growth equations. The methodology is repeated here so the reader may judge the quality of various relationships. In addition, equation derivation is explained for those who wish to use this method to construct their own curves.
Y For example, the tallest tree in the stand at age 50 may not be the tallest at age 80. 198632 -0.0028307 age + 8.44441 (1/A).
The following equation, expressing decadal mean heights as a function of age, was conditioned to pass through mean site index (SI) 100.43 (+4.5) at 100 years ( fig. 5 ).
-0.016959A] 1 . 23114 HT -4.5 = 128.895 [1 -e At ages beyond 100 years the sample became progressively smaller and mean site index was slightly different. Heights were adjusted to the mean overall site index before fitting the average height curve.
Since average height, HT, from years 10 through 130 was known as well as slope b of regressions for each year, the corre- Construction of the height growth curves was similar. Since we are now interested in attainable height when age and site index are known, the basic equation is reversed from the previous example where site index was estimated and we now have HT -4.5 = a + b (SI -4.5).
The data accumulated in step 1 of site index curve construction is used for constructing height growth curves. The above decadal estimates of b were smoothed over age ( fig. 6) The resulting a values are those shown in table 1. A graphic comparison between site index and the height growth curves is shown in figure 7 .
The final estimating equations for both site and height fit the basic data regression points well. Some deviations occurred at sites and ages above 100 (figs. 8 and 9).
